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(54) [Name of invention] Manufacturing method of phosphors for the use of the electro 
luminescent element 

(57) [Summary] 

[Purpose] It is to provide the manufacturing method of the phosphors for the use of the 
electro luminescent element, which shall actualize the improvement of the luminance and 
longer life of the phosphors by evenly making the particle size and the shape of the 
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phosphor particles grow when forming the phosphor for the filed emitting element by the 
2-step firing process. 

[Structure] In order to create the phosphor by the second firing after obtaining the 
intermediate phosphor by growing the phosphor host material particle to the designated 
size from the initial firing, which is made to the mixture of the activator and the activator 
with the particle growth accelerating agent added phosphor, at the high temperature for 
long hours, approximately 0.1 to 10 mol % of the magnesium compound excluding the 
halide per 1 mol of the phosphor host material shall be added during the abovementioned 
initial firing and/or the second firing. 

[Range of the patent claim] 

[Claim 1] It is a manufacturing method of the phosphor for the use of the electro 
luminescent element, which shall be characterized by creating the phosphor by the 
second firing after obtaining the intermediate phosphor by growing the phosphor host 
material particle to the designated size from the initial firing, which is made to the 
mixture of the activator and the activator with the particle growth accelerating agent 
added phosphor, at the high temperature for long hours, approximately 0.1 to 10 mol % 
of the magnesium compound, excluding the halide per 1 mol of the phosphor host 
material, shall be added during the abovementioned initial firing and/or the second firing. 

[Claim 2] It is a manufacturing method of the phosphor for the use of the electro 
luminescent element which is mentioned in Claim 1, which shall be characterized by 
performing the second firing after the outer power shall be added statically or 
dynamically to the intermediate phosphor which the initial firing was performed to. 

[Claim 3] It is a manufacturing method of the phosphor for the use of the electro 
luminescent element, which is mentioned in Claim 1 and 2, which shall be characterized 
by the phosphor host material being the zinc sulfide, the activator being the copper 
compound and the particle growth accelerating agent being halide, which shall contain 
magnesium chloride. 

[Detailed explanation of the invention] 
[0001] 

[Utility field of the invention] 

This invention is concerning the manufacturing method of the phosphor, which shall be 
used especially for the emission layer, etc. of the scattered style filed emitting element. 

[0002] 

[Existing technique] 

The organic scattered style electro luminescent light, which shall be used for the back 
light, etc. of the display panel of the liquid screen (hereinafter referred to as EL panel) 
shall be indicated below referring to (a) and (b) of Figure 2. The abovementioned EL 
panel (1) is made by arranging the absorbing films (7) of polyamide resin, etc. on top and 
the bottom of the electro luminescent element (6), which is composed of the laminated 
layers of the rear electrode (2), the reflecting insulation layer (3), the emission layer (4) 
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and the transparent electrode (5) in sequence, and tightly sealing the whole part of the 
electro luminescent element (6), which shall include the absorbing film (7) using the skin 
film (8), which is made of the fluoride resin 5 etc., and deriving the leads (9) and (10) 
through the sealing part of the skin film (8) from the rear electrode (2) and the transparent 
electrode (5). 

[0003] The abovementioned emission layer (4) shall be created by scattering the 
phosphor (12) of zinc sulfide (ZnS), etc., which is activated by copper, to the organic 
binder (11), which is shown in (c) of Figure 2, and it is bonded to the reflecting insulation 
layer (3) by the organic binder (1 1). The abovementioned EL panel (1) shall drive at the 
desired emitting luminance by making emission from the phosphor (12) of the emission 
layer (4), which is sandwiched between the two electrodes of (2) and (5), by applying the 
high voltage between the rear electrode (2) and the transparent electrode (5) from the 
leads (9) and (10). 

[0004] The abovementioned phosphor (12) generally shall use the particle style zinc 
sulfide (ZnS) as the phosphor host material and shall be obtained by firing, which shall be 
performed to the mixture powder, which the activator, which is made of the copper 
compound (CuS0 4 ), and the activator with the particle growth accelerating agent (flux), 
which is made of chloride (MgCl 2 , NaCl, SrCl 2 ), are added to. And by making the 
particle growing to be the particle size of 20 to 30 (am by flux using the phosphor host 
raw material of the particle size of 1 to 3 jam, the longer life can be obtained, and by 
doping copper and chloride as the main emitting material, higher luminance can be 
obtained. 

[0005] When creating the abovementioned phosphor material (1), 0.1 to 0.2 mol % of 
CuS0 4 (activator) shall be added per 1 mol of ZnS (phosphor host material), and then the 
dry treatment shall be performed. Next, as shown in (d) of Figure 2, flux (12a), which is 
composed of the mixture of 3 mol% of MgCl 2 , 3 mol% of NaCl and 3 mol% of SrCl 2 , 
and the fine powder of the phosphor host material (12b) shall be supplied to the inside of 
the crucible (13). And when the initial firing is applied to the abovementioned powder 
mixture by heating for 6 hours at 1 1 50 °C in the crucible (13), first the flux (12a) 
(melting point 700 °C) shall become liquid by melting, and it shall gather around the 
bottom area of the crucible, then it shall become vapor accordingly. At this time, if the 
inside of the crucible is stirred, then the flux (12a) shall be scattered and the particle size 
shall grow larger gradually by melting and then combining of phosphor host material 
particles through the melted liquid or vapor. After the abovementioned initial firing, the 
intermediate phosphor shall be created by drying after washing off by water to remove 
the flux, then the pressure shall be applied to this by rubber press, etc. statically. Next, 
the second firing (anneal) shall be performed for one hour at 700 °C, then acid (HCI) and 
cyan (KCN) rinsing shall be performed to remove the excess copper compound of the 
surface of the phosphor, and then the cyan component shall be removed by washing using 
water, and after that, the desired phosphor for the electro luminescent element can be 
obtained by classifying (screening) after the drying procedure has completed. 



[0006] 
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[Problem to be solved by the invention] The issue which needs to be solved is that 
because the flux amount when the initial firing is performed is less than 10 mol% per 1 
mol% of the phosphor host material, when the flux (12a) melts, it shall become the vapor 
in the crucible, and the particle size shall grow by the melted flux covering the particle of 
the phosphor host material (12b) in order to combine, and the solidus reaction shall 
become the main part by the flux vapor. On one hand, the particles shall grow 
sufficiently within the area where the flux vapor shall exist, however, on the other hand, 
if the flux vapor is not enough, then the particles might not grow or might not grow 
sufficiently, which shall create the uneven particles, which shall expand the particle size 
distribution, which might bring the result of decreased luminance and life, or unstable 
particle shapes, which makes it difficult for the electric field to apply to. Also, according 
to the solidus reaction, it is easy to make the particles grow just by combining the 
particles of the different crystal shaft, which makes the applying of the electric field 
different depending on each direction of the crystal shaft of the particles, which shall 
reduce the luminance of the phosphor host material (12b). In this case, if the firing is 
performed at the high temperature for long hours, each direction of the crystal shaft of the 
particles can be the same, however, it is not possible to change the firing condition 
thoughtlessly, and therefore, in an actual base, it is impossible to perform this. 

[0007] 

[Method of how to solve the problem] This invention shall be characterized by creating 
the phosphor by the second firing after obtaining the intermediate phosphor by growing 
the phosphor host material particles to the designated size from the initial firing, which is 
made to the mixture of the activator and the activator with the particle growth 
accelerating agent added phosphor, at the high temperature for long hours, approximately 
0.1 to 10 mol % of the magnesium compound excluding the halide per 1 mol of the 
phosphor host material shall be added during the abovementioned initial firing and/or the 
second firing. 

[0008] 

[Function] Concerning the abovementioned technical method, non-growing particle shall 
not occur by adding the magnesium compound when making particle growth reaction of 
the phosphor host material, and the particle size and the shape shall become even and 
stable. 

[0009] 

[Example of implementation] The implementation example of the manufacturing method 
of the phosphor for the electro luminescent element, which is related to this invention, 
shall be explained below referring to (a) and (b) of Figure 1. The characteristics of this 
invention is that in order to create the phosphor for the filed emitting element by the 2- 
step firing, 0.1 to 10 mol% of the magnesium compound for flux except halide, for 
example MgS0 4 (magnesium sulfide), shall be added per 1 mol% of the phosphor host 
material. As for the abovementioned flux, several kinds of alkaline metals or halide of 
the alkaline earth metals can be used selectively. 
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[0010] This invention shall be explained in accordance with the abovementioned 
method. First, 0.1 to 0.2 mol % of CuS0 4 (activator) shall be added per 1 mol of ZnS 
(phosphor host material), and then the dry treatment shall be performed, and further, 0.1 
to 10 mol% of MgS0 4 shall be added and then mixed either by wet style or dry style. 
Next, as shown in (d) of Figure 2, flux (activator with the particle growth accelerating 
agent) (12a), which is composed of the mixture of 10 mol% of MgCh and 1 1 mol% of 
NaCl, and the fine powder of the phosphor host material, which magnesium sulfide is 
added to, (12b) shall be supplied to the inside of the crucible (13). And the initial firing 
is applied to the abovementioned powder mixture, which shall be stirred and heated 
within the ordinary atmosphere for 3 hours at 1 100 °C in the crucible (13). After the 
abovementioned initial firing, the intermediate phosphor shall be created by heating to 
make it dry for 12 hours at 120 °C after washing off by water to remove the remaining 
flux, then the pressure shall be applied to this by the ball mill method, etc. dynamically in 
order to add the outer power. Next, the second firing (anneal) shall be performed for 3 
hours at 750 °C, then acid (HCI) and cyan (KCN) rinsing shall be performed. And then 
heating shall be performed to make it dry in order to obtain the desired phosphor for the 
electro luminescent element by classifying (screening). 

[001 1] Concerning the abovementioned technical method, non-growing particles shall 
not occur by adding the magnesium sulfide when making the particle growth reaction of 
the phosphor host material (12b) during the initial firing process, and the particle size and 
the shape shall become even and stable. Also, by adding outer power after the initial 
firing has completed, it generates the warp inside of the intermediate phosphors, and 
further, by performing the second firing, the copper, which was scattered evenly within 
the particles, shall be moving to the warp area, which shall generate the conductive layer 
(segregation), and the main emitting material (copper and chlorine) shall emit efficiently. 
At this point, due to the reason that the particle sizes and the shapes are even, when the 
outer power is added, even stress shall be added to each particle and the abovementioned 
warp shall be evenly formed, which shall contribute for the improvement of the 
luminance. 

[0012] According to the particle size distribution graph, which is shown in (a) of Figure 
1, the particle size distribution figure of when magnesium sulfide of this invention is 
added to, which is indicated in (A) (dashed line), shall become radical compared to the 
particle size distribution figure of the existing case of when magnesium sulfide is not 
added to, which is indicated in (B) (solid line), and it is known to have narrower 
distribution. Also, according to the luminance measurement graph, which is shown in (b) 
of Figure 1, the luminance of the implementation example of this invention shall be 
improved by 10 to 25% compared to the existing one. 

[0013] Further, as to the abovementioned magnesium compound, magnesium oxide and 
magnesium nitrate shall also be suitable besides magnesium sulfide. Also, even if the 
designated amount of the magnesium compound is added during the second firing instead 
of the initial firing, the same effect can be obtained, and also it can be added to during 
both the initial and the second firing processes. In this case, adding amount of each firing 
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process shall be reduced by little, and the total amount can be equal to the designated 
adding amount to one firing process. 

[0014] 

[Effectiveness of the invention] Concerning this invention, when creating phosphor for 
the electro luminescent element by 2-step firing processes, because approximately 0.1 to 
10 mol % of the magnesium compound excluding the halide per 1 mol of the phosphor 
host material shall be added during the abovementioned initial firing and/or the second 
firing, the particle size and the shape shall become even, which improved luminance and 
long life, and narrowed the particle size distribution. 

[Simple explanation of the figures] 

[Figure 1] (a) is a particle size distribution graph using the manufacturing method of the 
phosphor for the electro luminescent element, which is related to this invention, (b) is a 
luminance distribution graph against the electric power concerning the manufacturing 
method of the phosphor for the electro luminescent element, which is related to this 
invention. 

[Figure 2] (a) is a side cross section figure to indicate one example of the organic 
scattered style electro luminescent light, (b) is a ground plan to indicate one example of 
the organic scattered style electro luminescent light, (c) is a partial side cross section 
figure of the emission layer, (d) is a side cross section figure of the crucible, which shall 
indicate one process of the implementation example of the manufacturing method of the 
phosphor for the electro luminescent element. 

[Explanation of symbols] 

12a: Particle growth accelerating agent 

12b: Phosphor host material 



[Figure 1] [Figure 2] 

(a) 

Vertical: Number of pieces (voluntary unit) 
Horizontal: Particle size (voluntary unit) 

A: Implementation example 
B: Existing model 

(b) 

Vertical: Luminance (voluntary unit) 
Horizontal: Electric power (voluntary unit) 



A: Implementation example 
B: Existing model 



